Abstract A production-theory approach to migration is adopted in this paper to address the role of migrant workers from extra-EU countries in Italian manufacturing firms. The adoption of flexible functional forms to model firm-level technology lets us directly derive different measures of elasticity from the coefficients of the estimated production and cost functions. The use of foreign labour is shown to affect the industry composition in favour of low skill intensive sectors and the estimated cross demand elasticities confirm the complementarity between migrant and native workers found in previous studies. However, the two labour inputs prove to be substitutes in terms of the Morishima elasticity of substitution: in general, firms tend to increase the foreign labour intensity of production in response to a decline in migrants' wage, while the migrant to domestic labour ratio responds to changes in the domestic workers' wage only for firms in low skill intensive sectors.
Introduction
Migration, and specifically workers' mobility, is a wide and complex phenomenon that has long since drawn the attention of economic literature. Large inflows of migrants, mainly from developing countries, have raised doubts on the absorbing capacity of richer economies: public opinion is often concerned that migrants take jobs away from native workers and burden on developed countries' welfare systems which are facing population ageing and birth rates decline.
The literature so far has focused on the impact of migrants on the labour market and in particular on the domestic wage. By means of Census or Labour Force survey data, most of the empirical studies have found evidence of complementarity between domestic and foreign labour and only modest evidence of detrimental effects deriving from immigration, or even no evidence at all (Card 2001; Ottaviano and Peri 2011; D'Amuri and Peri 2011) . At the aggregate level, Docquier et al. (2010) compute long-run effects of both immigration and emigration flows on wages of native low-skilled and highskilled workers in European countries between 1990 and 2000. While emigration negatively affects average wages and wage inequality, the effect of immigration is positive on both sides.
The mixed empirical evidence might depend on the fact that most studies disregard the occupational dimension and simply focus on workers' educational attainment. In this respect, Steinhardt (2011) shows that, by following the standard approach of classifying workers according to their education and work experience, no negative effects on native wages emerge. On the other hand, when taking immigrants' occupational clustering into account, a clear negative impact emerges on the wages of native workers, particularly those employed in basic occupations in the service sector, like cleaning or retail trade activities. Migrants specialise in manual and low-skill intensive jobs, while natives prefer high-skill intensive occupations or simply jobs requiring different levels of ability in terms of language and communication tasks (Peri and Sparber 2009 ). However, a further explanation of inconsistent empirical results might lie in the fact that the analyses based on Labour Force Survey and Census data are not able to capture the impact of migrants on the production structure of the economy. Across sectors, migrants could affect production techniques and, ceteris paribus, an increase in the availability of low-skilled workers might cause a Rybczynski effect and generate a reallocation of resources towards low skill intensive sectors. This implies that, even in the absence of any sizable labour market effect, the inflow of migrants may importantly affect the structure of the economy and its growth potential. In this respect, a recent strand of empirical literature developed with the specific aim of disclosing the within-and betweenindustry impact of foreign labour. Evidence in favour of within-industry instead of between-industry adjustments stemming from increased migration inflows has recently been found in empirical studies on Spain and Germany respectively by González and Ortega (2011) and Dustmann and Glitz (2008) , in line with the previous findings for the US (Card and Lewis 2005) . The inflow of migrants is associated with a reduction in the average skill intensity across sectors. By the same token, increased skill intensity is sorted out in Israel because of the high-skilled migrants coming from Russia (Gandal et al. 2004) . At the firm level, Lewis (2011) shows that the increase in the supply of lowskilled workers in the US metropolitan areas due to immigration significantly induces firms to adopt less machinery per unit output. Opposite evidence is provided for Italy by Accetturo et al. (2012) who show that an increase in immigration of low-skilled workers from developing countries, measured at the provincial level, raises the capital intensity in small manufacturing firms. Kangasniemi et al. (2012) instead look at the impact of immigration on productivity performance at sectoral level in Spain and the UK. While in the UK the long term effect of foreign workers on total factor productivity is positive and their contribution to labour productivity growth is negligible (although negative) in size, both effects are negative and significant in the case of Spain.
All the different contributes mentioned above are crucially linked to the kind of relationship (complementarity/ substitutability) that exists between migrant and native workforce in terms of skill levels. And despite factor complementarity and substitutability depict firms' decisions over production techniques, the mentioned studies investigate the effects of immigration on production by means of Census or Labour Force Survey data, with the only exception of Lewis (2011) and Accetturo et al. (2012) which rest on firm level datasets. However, the two studies estimate reduced form models where migration is measured at the province/metropolitan area level and is by no means observed at the firm level.
In this paper, we aim at assessing the contribution of migrants to an advanced economy's manufacturing sector by making use of firm level information on foreign-born workforce. In particular, we adopt a production theory approach at the firm level and shed light on the impact of extra-EU workers on Italian manufacturing output, on the skill intensity of the production techniques and on the native workers' demand.
The production-theory approach to migration was introduced by Grossman (1982) and has been further developed by Kohli (1993 Kohli ( , 1999 in an analysis for Switzerland. His estimation results, derived from the GNPfunction framework, show that nonresident and resident workers are substitutes for each other while imports and nonresident labour are found to be complements. This holds both in terms of Allen-Uzawa elasticities of substitution and in terms of Hicksian elasticities of complementarity.
Making use of the 9th wave of the Survey on Italian Manufacturing Firms carried out by Capitalia in 2004 (with information on the period 2001-2003), we first retrieve output elasticities from the parameter estimates of a translog production function, which allow us to assess the contribution of extra-EU migrants to manufacturing output. In a second step, we shed light on the substitutability/ complementarity relationship between natives' and migrants' labour, and more in general among all production factors, by estimating a cost function and computing the demand elasticities. These measures may be informative of the linkages between domestic and migrant labour especially in a framework with rigid wages like the Italian labour market and in a short-term time horizon, where scale effects are less important in magnitude than changes in the choice of the production techniques.
Finally, to assess the impact of factor price changes on the foreign labour intensity of production for a given output level, we move from absolute-i.e. the demand elasticity measure-to relative measures of substitutability and calculate the Morishima elasticities of substitution (MES). To the best of our knowledge, it is the first time that a relative measure of substitutability is adopted to assess the relationship between native and foreign workers in production. Whereas the absolute demand elasticities inform us on the absolute change in the demand of a production factor with respect to the price of another factor, MES inform us on the change in the ratio between the quantities of the two inputs after one of the two prices changes. In particular, it can be interesting to analyse whether the firm responds to a rise in the domestic workers' wage with an increase in the ratio of foreign to domestic workers for a given output level. At the same time, MES may highlight whether the willingness of migrants to accept lower wages could foster a reduction in the ratio of domestic to migrant workers in production. Therefore, we consider MES as a more informative elasticity of substitution from which to draw implications for the manufacturing firm production techniques in terms of skill intensity.
Analysing the role of foreign labour in Italian manufacturing production is an interesting empirical issue since in recent years the country has experienced a rapidly increasing migration from developing countries. Despite the labour market evidence of complementarity between migrants and natives (Gavosto et al. 1999 ) and the fact that foreign workers are mostly employed in sectors that domestic workers usually try to avoid such as construction and services (Istat 2009), complaints about migrants stealing jobs from natives within the manufacturing sector are still frequent. In addition, the future prospects of Italian manufacturing firms may be closely linked to the consequences of an increasing presence of migrant workforce as well. To the extent that an inflow of low skilled migrants actually stimulates the adoption of less skill intensive techniques (Lewis 2011) , this may further contract the technological upgrading whose lack and inadequacy have already been recognized as responsible for the decline of Italian manufacturing sector.
From our findings, the output elasticity of foreign labour is rather small and extra-EU migrants especially contribute to output in low skill intensive sectors thus favouring, ceteris paribus, an increasing weight of these activities in the Italian manufacturing output. Absolute demand elasticities confirm the complementarity found in previous studies between migrants and natives, regardless of workers' skill level, while the two labour inputs are substitutes in terms of the Morishima elasticity of substitution. This result needs some more qualifications: in general, firms only tend to increase the foreign labour intensity of production in response to a decline in its own wage, while the foreign to domestic labour ratio does not seem to vary when price changes concern domestic labour. This result, however, is not valid in the subsample of firms operating in low skill intensive sectors. All in all, an increase in the foreign workforce from non-EU countries slightly contributes to the decline of the skill ratio in Italian manufacturing firms.
The work is organized as follows: Sect. 2 and 3 respectively present the empirical model and the data in detail. Results from the estimates are discussed in Sect. 4, while Sect. 5 concludes.
The empirical model
The substitutability/complementarity among production factors and their contribution to the output can be assessed by the estimates of the technological parameters retrieved from a production function or its dual cost function. Our interest in the substitutability among factors and the availability of firm level information on production inputs and output led us to choose a translog production function (Christensen et al. 1973 ) which imposes no a priori restriction on the relationships among factor inputs. The function is specified as follows:
For each firm f in our sample, lnY measures the logarithm of real output while lnX i represents the log of the quantity of input i used in production. In the model i indexes the technology inputs, which, in the basic specification, are
and foreign labour (L M ), respectively. We also explore a six-input production technology where we relax the assumption of homogeneity within the group of domestic workers L D and split them into white, L DW , and blue collars, L DB . Foreign labour is kept as a unique factor of production which is assumed to be exclusively composed by workers employed in low skilled occupations as supported by evidence from different data sources (see Sect. 3).
To improve the estimation efficiency, the production function is augmented, as usual in the literature, with the input share equations obtained as its first derivatives:
Under the hypothesis of constant returns to scale and profit maximization, S i represents the share of input i in total output:
To overcome the lack of information on the share of labour costs attributable to foreign workers, we follow Yasar and Morrison Paul (2008) and we express the share of the two labour inputs as a sum. We then include the share of overall labour which is something we actually observe: J Prod Anal (2014) 42:305-325 307 From the parameter estimates of the above system it is then possible to calculate the output elasticities for each factor
The following step in our analysis is to investigate the response of the demand for foreign labour to an increase in the wage of domestic workers. In this respect, a null or positive response of the domestic wage to the increased availability of foreign workers could be observed, while an increase in the wage of domestic workers might actually foster their substitution with migrant workers. If an increase in the price of input j raises/lowers the demand of input i, the two factors are classified as p-substitutes/complements. This piece of information is contained in the partial demand elasticities which are based on the estimates of the Allen elasticities of substitution (AES), r.
Despite indirect estimates could be retrieved also from the production function estimation, the dual approach represents in our opinion the most natural way to compute the AES, and consequently the partial demand elasticities. Therefore, we estimate a translog short-term cost function with log of prices substituting for the log of input quantities. and the log of the cost substituting for the log of output in Eq. 1 (Kohli 1999; Mundra and Russell 2001) . We use sector level prices of material and services and average wages for domestic and foreign labour at the region-sector 1 level, keeping capital fixed. The cost function is estimated jointly with the cost shares of inputs and we adopt the strategy already mentioned to overcome the lack of information on the exact firm level measure of the shares of domestic and foreign labour.
The partial demand elasticity of factor i with respect to factor j's price, g x i p j , is calculated as follows:
with b ij corresponding to the parameters retrieved from the cost function estimation. g x i p j therefore represents the percentage response of the demand of input i to an increase of 1 % in the price of input j. Finally, we obtain the Morishima elasticity of substitution (MES) as:
Whereas cross-price elasticities are absolute measures of substitution, the MES represents a relative substitution elasticity and measures the percentage change in the ratio of input i to j when only p j varies and all other prices are constant. Two factors i and j are termed MES-substitutes if Chambers 1988) . In other words, one might observe that although an increase in natives' wages decreases the demand for both native and foreign labour, the latter might decline less, thus causing production techniques to become more foreign labour intensive. In this sense two factors can be MES substitutes even if they have been classified as complements when dealing with absolute demand elasticities. The issue has been widely discussed in the literature (Blackorby and Russell 1989; Chambers 1988; Nguyen and Streitwieser 1997; Frondel 2004; Stern 2011 ) with many contributes pointing at MES as the right informative elasticities to assess the curvature of an isoquant when the production technology employs more than two factors, although other measures of substitutability may better capture the shape of the production technology in the multi-input case.
2 Since MES keeps the prices and not the quantities of the other inputs fixed, for a given level of output we can assess how and if changes in the price of the domestic or foreign labour affect their ratio within the firm. In this respect, the asymmetry of MES allows us to better explore the response of the relative position of foreign and domestic labour in production in terms of their relative cost shares after a change in one of the two wages and to isolate the effect of such a change on the firm's skill ratio.
Estimation issues
In the following, we employ the Maximum Likelihood Zellner-efficient estimator to estimate the system made up of the production function (cost function) displayed in Eq. 1 and the revenue (cost) share equations displayed in Eq. 2. Elasticities are obtained by combining the parameter estimates with the predicted factor shares and their respective standard errors are calculated by means of the delta method.
Homogeneity of degree one has been imposed both on the production and cost function 3 and all specifications include time, sector, area and firm size dummies together 1 Sector variation is at the level of divisions of NACE Revision 1 while regions are defined at NUTS 2 level.
2 As an example, Stern (2011) refers to the Symmetric Elasticity of Complementarity, SEC, as the ''best overall statistic summarizing the production technology'' since it ''holds the quantity of the other inputs constant and hence measures the shape of the traditional production isoquant.'' 3 Homogeneity and symmetry are imposed through the following restrictions:
and a ij ¼ a ji in the case of the production function and
in the case of the cost function. For the linear homogeneity k ¼ 1. We estimated the production and cost function both for the k homogeneity and linear homogeneity cases and results do not change substantially; therefore, we simply present the results for the constant returns to scale production technology. The remaining set of results is available from the authors upon request.
with the regional unemployment rate and the regional share of irregular workers in order to capture local economic conditions. 4 Since taking the log of foreign labour leads to exclude those observations where this input is equal to zero, we restrict the sample to the firms using foreign labour. We control for sample selection by including the OLS residuals from the estimation 5 of the probability of hiring foreign workers (Rivers and Vuong 1988; Vella 1998) .
Finally, most of the empirical contributions that estimate the elasticity among production factors (Berndt 1991; Nguyen and Streitwieser 1997; Kohli 1991 Kohli , 1999 Kohli , 2002 Yasar and Morrison Paul 2008) do not correct for the endogeneity of the right hand side variables in the production function. We have addressed this issue by implementing a 3 Stages Least Squares (3SLS) estimator where all the production factors, their squares and their interactions have been instrumented by means of their lagged value and of their current and past prices. The estimated production function coefficients and output elasticities are very close to the ones from baseline estimates, but the number of violations of the first and second order conditions is higher in some cases and the use of lagged values as instruments leads to the loss of one sample year. Therefore, as no striking difference emerges in the estimates, we prefer to stick to baseline results which rest on a larger sample and bear a definitely lower number of violations.
Data and descriptive evidence
The data used in the following analysis are retrieved from the 9th wave of the Capitalia Survey, containing plenty of information on Italian manufacturing firms' characteristics and activities for the period [2001] [2002] [2003] . Unfortunately, we are not able to exploit either previous waves, which include no information concerning migrant workforce, or the following one where this piece of information-available just for 1 year-is coded differently. 7 The dataset includes all firms with more than 500 employees, while for firms with more than 10 and less than 500 employees a rotating sample is created stratifying by industry, size class and geographical area. Information concern firms' output, inputs, investments, innovation activities, internationalisation strategies and, more importantly for our aims, firms are asked about Extra European Community (EC) 8 employees hired each year. From now on, we will indifferently refer to these workers as migrants or foreign workers.
After a cleaning procedure, 9 we end up with a sample of 3,264 firms for a total of 9,314 firm-year observations in 4 Firm fixed effects were not included as the time dimension of our data set is too short and time demeaning would result in poor coefficient and elasticities estimates. Nevertheless, in the light of the empirical and theoretical literature stressing the existence of important within sector firm heterogeneity, in order to account for it-apart from the inclusion of size dummies-we ran two checks adding firm innovation and trade status dummies to the basic system specification. These two firm activities are the most related to unobserved heterogeneous efficiency levels which are unobserved and unaccounted for in our empirical framework. Thus, we firstly added two dummy variables to account respectively for product and process innovation, and secondly we included two dummy variables to account for firm import and export status. Both sets of results did not show any relevant change compared to the basic specification and are not shown for the sake of brevity, but they are readily available from the authors upon request. 5 The first-step model includes labour productivity, capital intensity, the firm's age and size with their squared value and several other firms' characteristics: dummies for investors, innovators, offshoring, import and export status and intensity, a dummy for the destination of offshoring and for the type of activity offshored, sector and area of activity. Results are not shown for the sake of brevity. 6 It is worth mentioning that we tested for a number of alternative sets of instruments. First of all, we made use of different instruments under the hypothesis of inputs in the production function being subject to adjustment frictions (Bond and Söderbom 2005 ). So, we tested for the use of lagged inputs and output and the use of ''gmm style'' instruments in both the static and dynamic production function in levels, differences and system. Such attempts gave rather poor outcomes, especially in terms of first order conditions violations. This is consistent with some of the inputs-migrant labour, as well as materials and services-constituting flexible inputs, or at least inputs characterised by low adjustment costs in manufacturing production. We then exploited the cross-sector variation in prices of capital, Footnote 6 continued services and materials and cross-region-sector variation in wages to instrument our production function inputs, under the assumption of price taking behaviour of firms. Again an extremely high number of violations of the first and second order conditions emerged, consistently with some of the inputs-e.g. domestic labour and capitalbeing actually subject to relevant adjustment costs. Then, to account for the existence of inputs with a different level of adjustment costs without an a priori assumption on the input nature as quasi-fixed or flexible, we instrumented all production factors, their squares and interactions by means of their lagged value and of their current and past prices. The latter choice led to the loss of a much lower number of observations due to the violation of the first order condition with respect to the other mentioned alternatives. Furthermore, the IV diagnostics were satisfactory, with the F-statistics in each first-stage equation highly significant and the Hansen J test not rejecting the null hypothesis of the validity of instruments. However, results stemming from the adoption of instrumental variables do not substantially differ. The 3SLS estimates making use of this set of instruments are not shown for the sake of brevity, but they are available from the authors upon request. 7 While in the 9th wave of the Capitalia survey firms are asked about Extra European Community workers, in the 10th wave the question concerns all foreign born workers. The information therefore are not directly comparable. 8 The period of the analysis is prior to the two rounds of Eastern EU enlargement so Extra European Community workers include also citizens from the new Member States. 9 We drop observations with missing data for our variables of interest (output, value added, employment, capital, services materials, and J Prod Anal (2014) As the Capitalia database provides information on the total number of white (directors and clerical workers) and blue (manual workers) collars within the firm, with no distinction on the basis of their nationality, we assume that all extra-EU workers are employed in low-skilled manual occupations. Such assumption is checked by employing the ''Work History Italian Panel'' (WHIP) database which consists in a representative sample of the Italian employment based on the INPS (National Institute of Social Security) administrative archives. WHIP data show that 91 % of foreign-born workers is represented by extra-EU migrants. This confirms that the population of extra-EU migrants, which represents the focus of our analysis, is highly representative of the migration phenomenon in Italy. Moreover, the public's growing concern about immigration is mainly related to this group of foreign workers. In terms of skill level, on average, 94 % of extra-EU migrants was employed in blue collar jobs between 2001 and 2003. In addition, by exploiting Italian Labor Force Survey data, Bettin (2012) shows that in 2006 around 60 % of extra-EU workers were low educated (lower secondary school or less) and 95 % of them worked as blue collars. These figures are pretty stable, at least up to 2010. These pieces of evidence make us confident that our choice to consider migrant labour substantially as a unique type of low skilled labour and white collars as purely represented by native workers is not going to bias our estimates of the six-input production function.
10 Furthermore, as Steinhardt (2011) suggests, it allows to take into account the occupational segregation of immigrants irrespective of their actual level of education. Data from the Capitalia sample also show that the share of migrants employed by firms decreases with the white collars share on total employment, thus possibly confirming that migrants are mainly employed in low skilled jobs.
As discussed in the previous section, besides the firm's production function, we estimate its dual cost function which requires the use of input prices. Since we have no firm level prices for production factors at our disposal, we make use of sectoral level prices. Material and services price indices have been retrieved from EU-KLEMS Database 11 and are defined at 2 digit NACE Rev.1 level. With reference to wages, the Capitalia database allows us to compute just an average wage-regardless of workers' nationality-as the ratio between the firm total labour cost, from balance sheet, and the number of employees. Therefore, in order to have distinct wages for native and migrant workers, we employ the individual-level administrative information from the WHIP database and compute the average wages for both native and migrant workers by region and NACE division. Due to the lack of firm level information on natives' and migrants' wages, we exploit these averages at region-sector level gathered from WHIP, so that all firms located in the same geographical area and operating in the same sector of activity face the same migrants' and natives' labour prices. The high representativeness of the WHIP information with respect to the employees' population in Italy makes us confident about the validity of our strategy. 12 The reliability of these proxies and the consistency of firm level wage bills recomputed on the basis of WHIP wages with total wage bills declared by firms in their balance sheet is further discussed in the Appendix 1.
Turning to our firm level sample, we report some statistics about the employment of foreign workers in Table 1 . In particular, we focus on the distribution of firms MIGR: share of firms employing foreign labour; shL M : average share of foreign employees on total employment for the whole sample; shL M MIGR¼1 : average share of foreign employees on total employment for firms hiring migrant workforce Footnote 9 continued labour costs), or with implausible negative values. We also delete firms which are considered as outliers for at least 1 year in the sample period. Outliers have been defined as observations from bottom and top percentile of the distribution of the value-added/labour and capital/value-added ratios.
employing migrants across sectors, 13 size classes 14 and geographical areas.
15 About 43 % of Italian manufacturing firms in the sample was employing migrant workers in 2003, even if the average share of migrants on the total employment of those firms was rather low (9.33 %). High skill intensive sectors seem to be less likely to employ foreign workers compared to low skill sectors even if we cannot detect any strong difference according to the technological level. The use of foreign labour is more widespread in Northern regions, where the presence of migrants has always been higher thanks to better job opportunities. Concerning firm's size, the smaller the firm, the higher the share of migrant workers in the total employment.
In order to enrich the above information, Table 2 shows that, once accounted for firms' sector, geographical area and size class, regional unemployment rate and the regional share of irregular workers, 16 firms employing foreigners have on average lower output, productivity, skill intensity and total costs. They also pay lower wages and display a lower wage ratio between high and low skilled workers. On the other hand, they are larger in terms of number of employees and more capital intensive. A higher capital intensity, together with a lower skill intensity for firms using migrant labour may be supportive of the evidence that extra-EU workers are mainly blue collars performing unskilled tasks that possibly complement the use of machineries, as suggested by Accetturo et al. (2012) .
Results
We estimate production and cost functions for the whole sample of firms and for the two subsamples of high and low skill intensive sectors.
17 Henceforth, each Table will present the results concerning the five-input technologynative and foreign labour, L D and L M respectively, materials, IM, services, IS and capital, K-on the left hand side and the ones for the six-input technology-with domestic labour split into white collars, L DW , and blue collars, L DBon the right hand side. Table 3 reports the production function coefficients gathered by estimating the system described by Eqs. 1-3 in the previous section. These coefficients are not readily interpretable given that, under the translog functional form, marginal product elasticities for each input vary from observation to observation. We then exploit these estimates in order to compute the output elasticities at the sample average of the variables. Table 4 shows instead the results of the translog cost function. The validity of our empirical models is confirmed by testing for the regularity conditions of monotonicity and quasi-concavity required by the theory for both the production and cost functions, that are displayed and discussed for both functions in Appendix 2 and 3 respectively. All regressions include sector, size, area dummies, the regional unemployment rate and the regional share of irregular workers y: log of output; lp: log of labour productivity; l: log of number of employees; sk: skill ratio; ky: log of capital over output; c: log of total cost; p L : log of average wage; p LDW =p LDB : log of native white to blue collars wage ratio. OLS regressions. S.E. are reported in brackets *** p\0:01; ** p\0:05; * p\0:1:
13 Sectors are classified as low skill intensive if they belong to the Traditional activities from the Pavitt's taxonomy. These activities are characterised by a lower skill ratio if compared with Non Traditional Sectors (Science-based, Scale-intensive and Specialised Suppliers) and their ratio is below the median value. Based on the 3 digit NACE Classification, low skill intensive sectors are 151-205, 212, 245, 246, 251, 286-287, 361-362, 364-366 . High skill intensive sectors are 211, 221-244, 247, 252-285, 291-355, 363. 14 SMEs are firms with less than 250 employees and include 90 % of the sample. 15 Italy is divided into 20 NUTS 2 level administrative regions which are commonly grouped into four different areas characterised by similar geographic and economic conditions. The four areas are North-West, North-East, Center and South, even if for convenience here we group the Northern regions from the one part and the Central and Southern regions from the other. The latter also includes the two islands, Sardinia and Sicily. Firms in the Northern regions represent 68 % of our sample. 16 Both the regional unemployment rate and the regional share of irregular workers are from the National Institute of Statistics (Istat). The latter measure is computed as the percentage share of irregular workers on total workers in the region and its use in the estimation process allows us to account for the possible misreporting or underreporting of the number of foreign workers employed irregularly by the firms. 17 We also investigated heterogeneity across other dimensionsfirms' size, location and international exposure-with no significant differences in estimation results. 18 For the sake of brevity, we just report the regularity conditions for estimations covering the whole sample of firms. 
Output elasticities
Output elasticities for each input are reported in Table 5 . In the whole sample (column 1) the doubling of migrant labour would correspond to an increase of only 1 % in the output of Italian manufacturing, while the contribution of natives would be fifteen times larger. The output elasticities are in general pretty similar among the sub-groups of firms. However, it is worth noting that a slightly higher contribution of foreign labour is shown for low skill intensive sectors while the contribution of domestic labour is slightly higher for firms in high skill intensive sectors.
19
The lower contribution of migrants to output may be related to different reasons. Migrants may be employed in less skill intensive tasks or less value-added intensive tasks with respect to native blue collars. In addition, they might have lower productivity in the use of the firms' machinery and, more in general, of capital equipment due to lower levels of experience and familiarity with the use of all equipment and machinery employed by Italian manufacturing firms.
20
From these elasticities it is possible to assess how, ceteris paribus, the observed change in the employment of migrant labour may affect the distribution of economic activity between high and low skill intensive sectors. The Robust S.E. in brackets. All specifications also include area, time and sector dummies together with controls for regional unemployment rate and regional share of irregular workers *** p\0:01; ** p\0:05; * p\0:1
19 Output elasticities for domestic labour, capital and material are close to the ones found by Yasar and Morrison Paul (2008) for Turkey, even if their set of production inputs is slightly different from ours. 20 The overall evidence of a low contribution of migrants to manufacturing output might stem from the high correlation between the domestic and foreign labour indicators. If this was the case, a spurious complementarity relationship between the two factor inputs might also display. In order to ascertain the strength of such a collinearity we have calculated the correlation coefficient between domestic-total, white and blue collar-labour and foreign labour and in each case the correlation coefficient was lower than 0.4. In addition, to assess multicollinearity among the factor inputs in our system of equations, we computed the Variance Inflation Factors, which all proved rather low. We are grateful to an anonymous referee for having raised this point. percentage growth in output explained by the hiring of foreign workers can be simply obtained by multiplying the estimated elasticities by the effective average growth in the use of migrant labour. Table 6 reports the observed percentage increase in the employment of migrant workers (dlnL M ) for the estimation sample, which turns into a contribution of around 0.03 % to the average growth in manufacturing output (0.03 and 0.05 % for high and low skill intensive sectors, respectively). This implies that the observed growth in migrant labour could explain 0.02 % of the output increase of a low skill intensive firm with respect to the average manufacturing firm, and the relative decrease in the output of a high skill intensive firm by the same percentage. If the estimated elasticities are applied to each firm in our sample according to the sector she belongs to, the overall effect would approximately correspond to an increase of 2 % of the weight of low skill intensive sectors in the aggregate of manufacturing. In other words, ceteris paribus, the observed increase in the foreign-born workforce could explain by itself a rise by approximately 2 % in the weight of low skill intensive sectors.
When domestic labour is split into white and blue collars, the right side of Table 5 confirms the above results of a lower contribution of foreign labour to production-when compared to both native skilled and unskilled labour-and its relatively higher importance in low skill intensive sectors. As expected, the contribution of white collars is instead higher in high skill intensive sectors. Table 7 shows partial demand elasticities which refer to the degree of p-substitutability 21 between each pair of inputs. The general message is that domestic and foreign labour are p-complements in Italian manufacturing production. Domestic and foreign workers in fact are likely to perform different tasks in the firm production process without competing against each other. Even when natives are employed as blue collars, they may be involved in more specialised tasks, while firms may hire migrant workers for manual and routine jobs with the lowest skill content (Peri and Sparber 2009; Ottaviano and Peri 2011) . This would also explain the higher contribution of native workers to output compared to migrants that we have highlighted in the previous paragraph. S.E. in brackets. Output elasticities are computed at the sample average of the variables *** p\0:01; ** p\0:05; * p\0:1 The elasticity of the demand of migrant workers with respect to domestic wages is shown to be higher than the elasticity of domestic labour with respect to the wage of foreign workers. From this, the observed change in the price of native labour accounts for 48 % of the total variation in foreign employment while the variation in migrants' wages accounts only for 25 % of the change in the use of domestic labour.
Demand elasticities
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The own elasticities are shown to be generally higher in absolute value for the ''weaker'' group-i.e. foreign workers-and this supports the evidence on segmented labour markets provided by Hamermesh (1993) which also corroborates the estimates of the own elasticity of natives around 0.23 in absolute value. Domestic white and blue collars seem to be p-substitutes in low skill intensive sectors. The same relationship, although not significant, concerns foreign labour and domestic white collars, thus generally hinting at substitutability between high and low skilled labour in the most traditional sectors of Italian manufacturing.
Turning to the relationship with the other inputs, foreign labour results p-substitute with respect to materials. Since p-substitutability with respect to materials concerns also domestic blue collars, we could read such results as evidence of potential vertical integration/disintegration processes in response to increasing/decreasing costs for materials. This finding recalls the evidence provided by Barba Navaretti et al. (2008) on Italian offshorers as less likely to employ foreign-born workforce. S.E. in brackets. MES are computed according to formula 5 *** p\0:01; ** p\0:05; * p\0:1 P-complementarity holds between foreign labour and services in the overall sample and in low skill intensive sectors. Anyway, it is difficult to deepen this finding without any description of the kind of services entering the firms' production processes.
Morishima elasticities of substitution
Although domestic and foreign labour appear to be complements according to the traditional absolute definition of complementarity that has usually been addressed in the literature, it may well happen that factor price variations-through changes in the absolute demands-induce significant changes in the relative use of inputs and hence in the production techniques adopted at the firm level. Table 8 shows that domestic and foreign labour are indeed MES-substitutes since an increase in the wage of migrants increases the natives/migrants ratio: a 1 % increase in the price of migrant labour causes the demand of migrants to decrease more than the demand of natives. Anyway, it is interesting to highlight that an increase in the wage of natives is followed by a change in the migrants/natives ratio only in low skill intensive sectors, where the positive sign suggests that production techniques may become more migrant labour intensive as domestic wages increase.
Turning to the remaining elasticities, they all show a positive sign. A 1 % increase in the price of materials is followed by an increase of 5.05 % in the migrants/materials ratio. The finding might point again at the vertical integration/disintegration process that firms undertake as a cost-saving strategy when material suppliers apply higher/ lower prices. In general, the MES elasticities with respect to materials are higher for foreign than for domestic labour. The reverse holds true as far as elasticities with respect to services are taken into account.
Skill ratio
Finally, an interesting point is to assess how the whitecollar/blue-collar ratio, SR ¼ L DW ðL DB þL M Þ , changes in response to a 1 % change in the availability of migrants. From the derivation of the skill ratio with respect to the price of foreign labour we have: Table 9 shows that an increase by 1 % in foreign labour causes a reduction of 0.17 % in the skill ratio for the overall sample, and of 0.21 % for low skill intensive sectors (the coefficient turns to be non significant for high skill intensive sectors). When we take into account the observed average annual growth in the availability of migrant blue collars in the second row of the Table, migrant labour growth is associated, ceteris paribus, with a decline in the skill ratio around 0.55 %, mainly driven by the result on low skill intensive sectors (-0.79 %) . Had the availability of migrants not increased in these sectors, the growth in the skill ratio could have been higher (4 % instead of the actual 3.2 %).
Robustness checks
We test the robustness of our results to the change of the proxy of the natives' and migrants' wages. Due to confidentiality reasons, Italian firm-level wages by worker nationality are not publicly available to researchers. Nevertheless, to test the robustness of our results to a more detailed definition of wages than the region-sector one adopted in the baseline cost function specification, we further take into account the possibility that firms may face different wages according to their size. We then exploit a more disaggregated wage measure, for both natives and migrants, which varies across region, sector and firm's size.
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All results previously discussed remain qualitatively unchanged; for the sake of brevity, 24 we show here in Table 10 only the Morishima elasticities of substitution and the results regarding the skill ratio. Our findings seems to Table 10 show that moving to a finer definition of unit labour costs does not affect our main findings. In addition, the advantage of using aggregate information on input costs in this context might be relevant to mitigate endogeneity issues.
Conclusion
With this paper we contribute to the existing firm level evidence on the role of foreign labour to manufacturing production. By exploiting the information on the extra-EU workforce hired by Italian manufacturing firms, we model a flexible functional form for the firm level technology with five inputs: domestic labour, foreign labour, materials, services and capital. In a second stance, native labour is further split according to the skill contents of the job into white and blue collars. From the coefficients of the estimated production and cost functions we retrieve the output, partial demand elasticities and the Morishima elasticity of substitution among the inputs, in order to highlight the role of foreign labour in the Italian manufacturing production. The focus is on both its contribution to the overall production and its interaction with respect to the remaining inputs, especially native labour. Our results show that the estimated elasticity of output with respect to extra-EU migrant labour is generally very small compared to the elasticity to native labour. Differently from previous empirical studies, but in line with the standard trade theory predictions, we find that, ceteris paribus, an increase in the adoption of foreign labour may change the manufacturing output mix in favour of low skill intensive sectors.
When turning to the evidence on the complementarity/ substitutability nexus between foreign and domestic labour, foreign workers are p-complements with respect to blue collar natives and, in high skill intensive sectors, they are also complements with respect to high skilled native labour.
In general, foreign labour seems to represent an element of flexibility in the firm technology: its own and cross estimated elasticities are much higher than the ones estimated for native labour and it is also more responsive to what happens to non-labour variable factors such as materials and services.
When we investigate the Morishima elasticities of substitution, the foreign/domestic labour ratio in production only increases if migrants are ready to accept lower wages, while it never changes in response to an increase in the wage of native workers. However, when splitting domestic labour into high and low skilled workers, white collars are MESsubstitutes for blue collars (both native and foreign) and vice-versa. This may suggest that when the price of skilled labour increases, firms tend to downgrade their production techniques towards less skill intensive ones. Turning to the effect of an increased availability of blue collar migrants on the ratio of white to blue collar workers, we find that ceteris paribus the presence of migrants modestly reduces the ratio in low skill intensive sectors only.
From the above evidence it emerges that, although in our sample period extra-EU migrants explain a small fraction of Italian manufacturing production and they do not seem to represent a direct threat for native employment in manufacturing, a sharp increase in their availability might foster production of firms in less skill intensive sectors and push them towards the use of low skill intensive production techniques. National data indeed show that in 2006 only 9 % of the whole foreign employment was represented by skilled workers, and in 2008 this share decreased to 8 %.
Unfortunately, our firm level data have a short time coverage and this fact represents a serious limit to the analysis of structural issues. Were detailed information available, further work could investigate the relationship between innovative activity and the increased availability of low skilled foreign workers and evaluate their contribution to the growth of the total factor productivity. If innovation activity goes hand in hand with production skill intensity, our results would suggest that innovation might be discouraged by the availability of cheap low skilled migrant labour; in addition, the specialisation of firms may move, within the same sector, towards less sophisticated and skill intensive goods.
Appendix 2: Regularity conditions-monotonicity
Monotonicity entails non-negative estimated revenue/ cost shares. The Table above shows the shares computed from balance sheet data, S i , and their predicted values,Ŝ i , as obtained from the estimation of the production function and cost function, respectively with five and six inputs. The two sets are pretty similar thus confirming the goodness of the estimation. To verify the reliability of our predicted shares, we make use of the average wages from WHIP, calculate the shares of migrant and domestic workers in total output and total cost and compare them to the average of their prediction from the estimates of the empirical model. The total % of violation of monotonicity, i.e. the number of negative predictions, is fairly low in general and slightly higher for the predicted share of migrants from the cost function. However, comparing the predicted and ''actual'' shares of foreign and domestic workers in total output and in total cost we find that, although not exactly equal, the prediction reflects our calculations (a slightly worse performance is shown for domestic labour shares, especially white collar, from the cost function). Sample averages and the average predictions for material, services and capital are very similar too. The estimations reported in the test have been obtained by dropping from the sample the observations that violate monotonicity. Appendix 3: Regularity conditions on own partial price and demand elasticities-quasi-concavity Sufficient condition for quasi-concavity is that the bordered Hessian is negative semi-definite and this is validated both at the mean and the median of the sample. The elements on the main diagonal of the matrix, i.e. the own partial price and demand elasticities f ii , need therefore to be non positive and the table above shows that this is the case for our sample. The columns respectively report the sample mean and median elasticities computed according to formulas e p i x j ¼ c ij Ã S j ¼ a ij þS i ÃS j S i
and g x i p j ¼ r ij Ã S j ¼ b ij þS i ÃS j S i , and the elasticities evaluated at the mean of the prediction of the (revenue/cost) shares and at the mean of the shares calculated using WHIP wages. In the former case, we calculate the elasticity for each observation in the sample and then take respectively the average and the median together with the average and the median significance level. The four sets of elasticities are negative and bear consistent insights, in particular the own price and demand elasticities are often very similar to the shares computed on the sample data.
The average of the predicted own price elasticity is surprisingly positive for services, but since we are going to work with elasticities calculated at the mean of the predicted shares this will not represent a problem in the analysis. Finally, the last column displays the share of observations with positive estimated elasticities: a few violations occur for some observations, especially in the case of the production function, however they do not affect the results shown in the text (Wales 1977 
